"Further-processed" turkey products, prepared from chilled, eviscerated, and thawed carcasses at two commercial turkey-processing plants, were evaluated, for the presence of salmonellae. These organisms were isolated from swab samples from 12% of chilled, eviscerated turkey carcasses, 27% of finished products, and 24% of processing equipment. The same serotypes as those found throughout a plant on any one visit were recovered from 31 % of rinse-samples taken from hands and gloves of processing personnel. Salmonellae were found in samples taken on 37 of 48 visits; a greater number of recoveries were made on days when freshly killed turkeys were processed (87%) than when frozen-defrosted carcasses were processed (59%). The predominant serotype isolated from meat and environment usually changed from visit to visit. Salmonella sandiego and Salmonella anatum were the most frequent among 23 serotypes recovered. Most of the isolated serotypes are commonly associated with turkeys and have been incriminated as causative agenta of human salmonellosis. The implication is that further-processed turkey products, if inadequately cooked by the consumer and if improperly refrigerated between the time of manufacture and consumption, could directly transmit salmonellae. These same products might also contaminate other foods by introducing salmonellae into food-preparation areas.
Mass-produced foods of animal origin, preserved in a manner that does not destroy pathogens, are widely distributed and contribute to the dissemination of salmonellae. Poultry and poultry products are an important source of salmonellae. More poultry is consumed per capita in the United States than in any other country in the world; and consumption is increasing, partly because of the marketing of "further-processed" turkey products. According to data compiled by the U.S. Department of Agriculture (20) , further-processed and cut-up turkey products represent 21 products, such as turkey rolls, are being used by the food service industry and by institutions because of labor-saving and portion-control features. Cut-up turkey products and turkey roasts are also being accepted by homemakers. To take advantage of these markets, poultryprocessing plants are becoming factory kitchens.
At the same time that poultry consumption is becoming greater, the reported incidence of human salmonellosis is increasing. Whether or not this is an increase in disease incidence or merely better diagnosis and reporting would be conjecture; however, many investigators believe that there is an increase in incidence of salmonellosis in both man and animals [World Health Organization (25) ; Edwards (6) ; Galton et al. (12) ]. Turkeys are frequently infected with salmonellae, and meat from these fowl has been responsible for human salmonellosis on numerous occasions. Although several studies have shown the presence of salmonellae on poultry [Cherry et al. (2) ; Schneider and Gunderson (17) ; Felsenfeld and Young (8) ; Felsenfeld et al. (9) ; Walker and Ayres (21); Tailyour and Avery (18); Thatcher and Loit (19) ; Wilson et al. (23) ; Sadler et al. (16) ; Dixon and Pooley (3, 4) ; Wilder and MacCready (22) ; and Woodburn (24) ] and in processing plants [Gunderson et al. (13) ; Galton et al. (11) ; Brobst et al. (1); Morris and Ayres (14) ; Dixon and Pooley (3, 4) ; Wilder and MacCready (22) ], studies of such contamimition of further-processed products have not been made.
Because of the increased demand and production of further-processed and cut-up turkey products, as well as the continued documentation of outbreaks of salmonellosis caused by turkey meat, a study was made to assess the incidence of salmonellae on further-processed turkey meat and to determine the sources of contamination at commercial turkey-processing plants.
MATERIALS AND METHODS
When an eviscerated turkey is boned or segments are cut from it, the meat is referred to as a "furtherprocessed" turkey product. The meat evaluated in this study included several such further-processed products, none of which was heated in the process that preceded sampling. Studies reported in this paper were conducted in two federally inspected processing plants. Although operations in the two plants differed slightly, the basic procedures are as follows. In the first step, eviscerated carcasses are taken from a tank containing slush ice in which they have been chilled overnight to a temperature of 4.4 C or lower. The carcasses are then hung from an overhead chain conveyor that moves them past workers who cut away meat and segments. Next, the meat is placed on a belt conveyor that moves it to workers who trim the meat on cutting boards and prepare it into several furtherprocessed products. These products are not all legally defined and are manufactured in different ways throughout the country; those encountered during this investigation are described below.
"Cooked, ready-to-eat, turkey rolls" are composed of breast and thigh meat with gelatin, salt, and monosodium glutamate added; they weigh approximately 9 lb (4.08 kg). Rolls weighing 2.5 lb (1.13 kg) are also made. Weighed portions of meat are placed in a water-soaked, plastic casing with the aid of a cylindrical roll-shell. The rolls are subsequently cooked in a water bath, cooled, and frozen. (Test results of samples from these cooked rolls are not included in the tabular data, but results for the raw, uncooked roll are included.) "Uncooked, frozen, turkey rolls" consist of 12 lb (5.44 kg) of turkey meat (from which bones and tendons have been removed) from all parts of the carcass except the wings. Meat is weighed, then formed in large, rectangular pans, tied with twine, and wrapped in aluminum foil.
"Turkey logs" consist of white and dark meat encased in skin. The final weight of each log is approximately 9 lb. One part of a cylindrical mold is lined with turkey skin to which meat and seasonings (including sugar, salt, and monosodium glutamate) are added, and the skin is folded over the meat. The upper half of the mold is fitted into place, and the product is compressed. After freezing, the product is removed from the mold and quartered with a saw and wrapped in foil.
"Turkey roasts" consist of 3-to 5-lb portions of boned turkey meat (breast and thigh) held together by twine. After being tied, the roasts are vacuumpacked and frozen. Four types of roasts were encountered during this study. (i) Roasts containing approximately 60% breast and 40% thigh meat are formed in rectangular pans and then tied by hand or by automatic tying machines. (ii) Similar roasts consisted of 51% white meat. In the preparation of these roasts, carcasses are skinned, and weighed portions of meat are formed in pans. A layer of skin is placed on top. Next, the roasts are placed in a blast freezer for about 20 min until an ice-crust is formed on them. Later, the roasts are tied and a seasoning solution is injected into and sprayed over them. (iii) A third type of roast is made of all dark meat that, after being formed and tied, is dipped for several seconds into a pan containing a solution of reconstituted frozen pineapple juice. (iv) A roast weighing more than 5 lb and containing dry seasoning is also manufactured.
"Turkey steaks" are individual slices of turkey meat prepared in the following manner: coarsely ground chunks of meat (about 1 inch in diameter) are mixed in chill-tanks with finely ground turkey meat, then extruded by means of a grinder into plastic sausage casing, frozen, and sliced on a band saw.
"Segments" are individual parts of a turkey. They include skin, meat, and bones in their natural conformation. Breasts are bagged one per package; drumsticks, wings, and thighs are usually bagged two per package, or in bulk. The pectoralis minor muscle is sometimes individually wrapped, or packaged in bulk, and labeled as breast filets.
Further details of product manufacture and plant operations were described by Bryan Ames, 1965) .
Swab samples from exposed surfaces of chilled, eviscerated carcasses were taken just before further processing and from finished products just before packaging. The sampling routine consisted of taking a few samples from chilled carcasses and then taking a few samples from the finished products. We then returned to the first sampling point, and the procedure was repeated. By this method, a more representative sample of the day's operation was obtained, and no more than two carcasses were sampled from any one chill-tank. Areas on large equipment were swabbed randomly at points where carcasses or meat touched them; the entire contact-surface of small items was swabbed. Swabs were put into tubes containing 10 ml of tetrathionate-Brilliant Green broth. Occasionally, turkey products to be sampled were purchased from the plants and brought to the laboratory frozen in their original packages. approximately 50 ml of sterile lactose broth over one hand so the drippings would run into the open container. Next, the workers scrubbed fingernails, back of hand, palm, and fingers with a sterile brush for approximately Y2 min. This entire procedure was repeated on the other hand with an additional 50 ml of broth. The hands were then wrung and drippings allowed to fall into the container. The brush was put in the carton by the worker and the carton was sealed. Rubber gloves were sampled (while on the hands) in a similar manner. Wire-mesh, safety gloves were placed in a carton and 100 ml of lactose broth was added. The fluid was swirled around a glove and the glove was brushed. In this case, the brush was not enclosed in the carton.
Microbiological laboratory procedures were carried out according to the method of Galton et al. (10) . This method consisted of tetrathionate-Brilliant Green broth enrichment, Brilliant Green-agar plating, and triple-sugar iron-agar screening. Biochemical tests, such as those listed by Edwards and Ewing (7), were conducted on cultures showing inconclusive reactions. Definitive serotyping, following 0-and Hgrouping, as described by Edwards and Ewing (7) and Edwards (5) , was conducted at the Veterinary Public Health Laboratory, National Communicable Disease Center, Atlanta, Ga.
RESULTS
Forty-eight surveys were made at two turkeyprocessing plants at varying intervals from December 1963 to July 1965. Both freshly kiHed and thawed carcasses were processed into the previously mentioned finished products. The complete scope of the study is indicated in Tables  1, 2 , and 3. When applicable, the number of recoveries and the number of samples for chilled, eviscerated, or thawed carcasses, meat at intermediate stages (line samples), finished products, contact equipment, workers' hands and gloves, and the total samples are indicated in the tables. Numbers shown in the "Line samples" column refer to meat at various stages of processing after carcasses were removed from chill-tanks, other 16, 1968 In Plant A, 11% of the chilled, eviscerated carcasses were positive for salmonellae. For the finished products, and turkey rolls before cooking, 20.5% of the samples were positive for salmonellae (Table 1) . This difference was significant at the 10% level, but not quite significant at the 5% level. In Plant B, chilled, eviscerated carcasses yielded salmonellae in 21 % of the samples, and the finished products and uncooked rolls were positive in 39% of the samples ( Table 2 ). This difference, also, was significant at the 10% level but not quite significant at the 5c% level. No salmonellae were found in the turkey rolls that were cooked in the plants.
When thawed turkeys were processed in Plant A, thawed, eviscerated carcasses were positive for salmonellae in 7% of the samples, and the finished products were positive in 24% of the samples (Table 3) . In Plant B, no salmonellae were isolated from 16 samples of thawed, eviscerated carcasses, but they were isolated from 25% of the samples of uncooked rolls and other finished products. In both plants, a higher percentage of recoveries of salmonellae was observed in the finished product than in the carcasses before boning operations, but the' differences were not significant.
There was not a statistically significant difference between chilled, eviscerated carcasses and thawed carcasses in either plant (P > 0.10). There was also no such difference between finished products prepared from chilled, eviscerated carcasses and those products prepared from thawed carcasses in either plant (P > 0.10). Therefore, data for the processing of freshly killed and thawed carcasses have been combined and are presented in Table 5 . For the combined data, there was no significant difference in the contamination level of the carcasses used by both plants (P > 0.10). However, the difference between the carcasses and the finished products in the combined data for both plants was highly significant at the 1% level. There was also a highly significant difference at the 1% level between the finished products prepared in Plant A and those products prepared in Plant B. additional isolation from the noncontact environment; not included the remainder of the contact-equipment. Data from Plant B corroborated this point. Of 119 samples from contact-equipment, 37% were positive for salmonellae. Higher than average percentages were found on tie-forms, automatic tying machines, line tables, saws, cutting boards, pans, and scales. The number of samples collected from each item varied owing to daily plant operations; for example, in Plant B, the saw was in use during only two sample trips and, therefore, only two samples were obtained. Although swabs were not taken routinely from equipment that had been cleaned, salmonellae were not isolated from these surfaces.
When thawed, eviscerated turkeys were processed in Plant A, 26% of 85 samples from the contact-surfaces of equipment were positive for salmonellae. A high percentage of recoveries was found in samples from the baggers, saws, conveyors, meat tanks, scales, pincers, tables, sharpeners, and the line table. In Plant B, only 7% of 72 samples were positive for salmonellae during the times that thawed, eviscerated turkeys were processed (Table 6 ).
The hands of 70 workers were sampled, and salmonellae were isolated from 21 rinse samples (30%). Rubber gloves and wire-mesh safety gloves were positive about one-third of the time. Similar data were observed from samples taken from both plants; these results are shown in Table 7 . No statistical differences were observed in recoveries of salmonellae from workers' bare hands and those from their gloves. Salmonellae were recovered from workers' hands or gloves on 9 of 10 surveys at Plant A and (for draining rolls), shovel (for (13) , and Dixon and Pooley (3) used swabs to recover salmonellae from hands or gloves of poultry-plant workers. Higher recoveries than those found by the above-listed researchers (from approximately 30% of the samples) resulted when a sampling method was used in which workers rinsed and scrubbed their hands or gloves. The serotypes recovered from workers or their gloves were, for the most part, the same as those isolated throughout the plant, including those isolations obtained from turkeys or equipment up-line from the contaminated workers.
The salmonellae isolated from hands and gloves, therefore, probably came primarily from the partially processed carcasses, and workers probably serve mainly as mechanical transmitters of these organisms. In the study by Gunderson et al. (13) , the only serotype isolated from poultry workers' hands was S. pullorum, a serotype which is host-adapted to chickens. These observations indicated the importance of incoming turkeys as the source of salmonellae for the plant.
Gloves may offer some personal protection to workers when they are handling poultry meat, but will do little to prevent the transmission of salmonellae from contaminated carcasses to uncontaminated turkey meat by workers.
More salmonellae were found on chilled, eviscerated carcasses than on thawed, eviscerated carcasses during the present investigation; yet, the difference was not significant even at the 10% level. Schneider and Gunderson (17) , however, reported a statistically significant difference in the number of salmonellae on chilled chickens in contrast to thawed chickens. A decrease in numbers can be expected as a result of freezing and frozen storage, thus making recovery more difficult.
From the foregoing descriptions, it can be seen that each further-processed product undergoes several manipulations by workers and contacts many items of equipment. If either workers or equipment is contaminated with salmonellae, cross-contamination can occur. Opportunities for such contamination were numerous in both plants. Workers and equipment became contaminated from contacting turkey carcasses, either freshly killed or thawed, which were contaminated with salmonellae.
The public-health aspects of the presence of salmonellae on finished turkey products may involve turkeys indirectly, as well as directly. Turkey products contaminated with salmonellae are potential sources of outbreaks if these products are improperly refrigerated or inadequately cooked. Turkey meat may also serve to convey salmonellae to kitchen equipment or to workers' hands and, thus, to contaminate foods that are not subsequently cooked. According to Newell (15) , an important role of food in the spread of salmonellosis is its ability to act as a vehicle that will carry organisms from animal to kitchen or factory. Thus, one food (such as turkey) may act as a means of introducing salmonellae to a food-preparation establishment, and another food, after contamination from the first, may act as the medium for growth and subsequently as the product causing illness. 
